Kitchen sponges continue to be heavily used in Brazilian food services, even though they may be very contaminated. The objective of this study was to evaluate the microbiological contamination and the efficacy of two procedures for the disinfection of kitchen sponges used in Brazilian food services. Eighty sponges were collected from food services and then analyzed for the quantification heterotrophic microorganisms (HM), fecal coliforms (CF), Staphylococcus coagulase-positive (SA) microorganisms and to the investigation of the presence of Salmonella sp. (SAM). After that, the sponges were disinfected, separately, by either boiling water for five minutes or immersed in 200 ppm sodium hypochlorite, for 10 minutes, added to a rinse with potable water. The results showed that sponges presented HM counts between 3.4 and 10.4 log CFU/sponge, with an average of 9.1 log CFU/sponge, and 76.25% of them presented CF with average counts of 8.4 log CFU/sponge. SA and SAM were found in 2.5% of samples. Both disinfection procedures were able to significantly reduce the bacterial counts, but the boiling method showed a greater reduction (99.9999%) than the method of disinfection by 200 ppm sodium hypochlorite (99.9%). Based on the results it was possible to conclude that kitchen sponges can be very contaminated, but simple disinfection procedure can be applied to significantly reduce the microbial contamination.
Introduction
Recent years have seen a significant increase in foodborne illnesses worldwide [1, 2] , including in Brazil [3] . In the United States, it was estimated 38.6 million illnesses each year, and of these 13.8 million were foodborne transmission [4] . In Brazil, according to the Hospital Information System of the Ministry of Health, from 1999 to 2004, there were 3,410,048 hospital admissions due to foodborne illness, with an average of 568,341 cases per year. Additionally, between 1999 and 2002, around 6320 deaths were registered due to these diseases in Brazil [5] .
According to data from the Health Surveillance Secretary [5] , food services, such as restaurants and schools, were responsible for 18.8% and 11%, respectively, of the outbreaks which occurred in Brazil from 1999 to 2004.
Kitchen sponges have been recognised as important diffusers of pathogens, and they can cause cross contamination in food [6, 7] . These sponges can contain food residues and moisture, and can serve as a reservoir of foodborne pathogens such as Escherichia coli, Staphylococcus aureus and Salmonella sp. [1, 6, 8, 9] . Contaminated sponges can transfer pathogens to surfaces that come into contact with food, and these microorganisms can remain viable on these surfaces for hours or days after contamination [9] . Many food services keep their sponges at room temperature, inside containers with water and food residues, which can contribute to microorganism multiplication.
Some disinfection methods have been applied to reduce sponge microbial contamination [10, 11] . For the most part, Brazilian legislation does not mention the use of sponges in food services; however, they continue to be used often in these establishments. Because of that, and due to the fact that there are few Brazilian regulations concerning this topic, Regulation 78/2009 of the Rio Grande do Sul State Department of Health, Southern Brazil, has been published stating that sponges in food services must be disinfected daily through boiling in water for 5 minutes [12] . However, the scientific basis for the recommended procedure was not provided.
The objective of the present study was to evaluate microbiological contamination and two disinfection procedures for sponges that are commonly used in food services, since the number of food service has increased greatly in recent years and in Brazil there are no studies that show to reduce the contamination in the sponges. Thus, this work can be a tool to determine methods for disinfection sponges in food services in Brazil.
Materials and Methods

Sampling
Eighty polyurethane pad synthetic sponges were collected from food services from the States of Rio Grande do Sul (RS) and Santa Catarina (SC), Southern Brazil. In RS, the sponges were collected from five industrial kitchens from the city of Porto Alegre and in SC the sponges were collected in 35 commercial restaurants from the city of São Miguel do Oeste. In each city, 40 yellow-swith-green pad kitchen sponges were collected. The kitchen sponges collected were in use for at least one day and this information was confirmed by food handlers who were working with them. The sponges were collected with latex gloves and placed in sterile plastic bags, being stored inside cooler boxes at a temperature of 5˚C. The sponges were transported to the Laboratory of Pesquisa e Diagnóstico em Microbiologia of the Universidade do Oeste de Santa Catarina (UNOESC) and the transport time was less than 1 hour.
Microbiological Analysis and Disinfection Procedures
In the laboratory, the sponges were aseptically cut into three equal parts (4 cm each [14] . The two remaining parts of the sponge were evaluated, separately, after boiling water disinfection for five minutes (in compliance with the Directive 78/2009, SES/RS), and after disinfection with 200 ppm sodium hypochlorite, for 10 minutes. Sponges submitted to 200 ppm sodium hypochlorite disinfection were rinsed with potable water, according to the methods described by Ikawa & Rossen (1999) [15] . Each sponge part was disinfected in separated glass bottles containing 300 mL of hypochlorite solution.
The boiling water disinfection was performed inside a microwave oven (Continental, São Paulo, SP), in bottles containing 300 mL of water, and boiling time was quantified after initiation of bubble formation in the water where the sponges were immersed. The total boiling time was 5 minutes.
The 200 ppm sodium hypochlorite solution was prepared by diluting 10 mL of a commercial solution of sodium hypochlorite (trade mark Q'Boa) at 2.5% concentration in 1 L of sterile water.
After the disinfection procedures, both parts of each sponge were added to 0.1% peptone water for microbiological analysis. Sponges disinfected with 200 ppm sodium hypochlorite were added to 0.1% peptone water containing 0.1% sodium thiosulphate.
The HM counts were carried out by pour-plate technique, using 1 mL of sample plated in Plate Count Agar (PCA, Merck, Darmstadt, Germany) incubated at 36˚C ± 1˚C by 48 h.
The CF quantification was performed using 1 mL of sample plated by the overlay technique with Violet Red Bile Agar (VRBA, Merck). The plates were incubated at 36˚C ± 1˚C by 18 -24 h. After incubation, five characteristic colonies were confirmed in EC broth (Merck) incubated at 45˚C ± 0.2˚C by 24 h. Tubes were gas or effervescence when shaken gently were considered positive.
The SA counts were carried out by spreading 0.1 mL of sample on plates of Baird-Parker Egg Yolk-Tellurite Agar (DIFCO, Basingstoke). The plates were incubated at 36˚C ± 1˚C by 48 h. Five characteristic colonies (black with halos) were subjected to Gram staining and biochemical tests for confirmation (catalase, coagulase and thermonuclease (Brasil, 2003) .
All counts were carried out in triplicate (three plates per each treatment), and plates containing 25 to 250 colonies were chosen for enumeration. The results were expressed in log CFU/sponge.
For the Salmonella sp. investigation, 25 mL of 0.1% peptone water were used, in which the sponge was hydrated after its collection. This aliquot was added to 225 mL of buffered 1% peptone water (Merck) and incubated at 36˚C for 20 hours. After that, 1 mL of this sample was inoculated into tubes containing selenite-cystine broth (Merck) and tetrathionate broth (Merck). These were incubated at 41˚C ± 0.5˚C for 24 hours. Then, the typical colonies were isolated onto Brilliant Green Agar and Xylose Lysine Deoxycholate (Merck) and incubated at 36˚C ± 1˚C for 18 -24 hours. Five characteristic colonies were confirmed by biochemical and serological tests according to Normative Instruction No. 62 of 2003 from the MAPA. The results were expressed as presence or absence.
The microbiological quality of water used for sponge rinsing after disinfection with sodium hypochlorite was analysed. Twelve samples of 100 mL were collected in different points of the Laboratory, using sterile glass bottles added with 0.1% sodium thiosulphate. Samples were analysed by methods described in Normative Instruction 62 [13] . For coliform analysis, it was used the multiple tube fermentation technique, using lauryl sodium sulfate broth (Merck). The presumptive examination was performed using bile brilliant green (Merck) broth for the enumeration of total coliforms and EC broth (Merck) for fecal coliforms. Results were expressed in MPN/100 mL.
Statistical Analysis
The disinfection procedures were statistically analysed by ANOVA using the Analysis Statistical software, with p < 0.05 considered significant. The test was used to compare observations of more than two groups simultaneously. ANOVA analysis examined the equality of variances of the data comparing variations between groups and within groups.
Results and Discussion
Sponge Contamination
The sponges had HM ranging from 3.4 to 10.4 log CFU/ sponge, with an average of 9.1 log CFU/sponge. Among the analysed sponges, 76.75% (61/80) presented with contamination of HM between 7 and 9 log CFU/sponge. The highest percentage of contaminated sponges by HM (28.75%) demonstrated approximately 7 log CFU/sponge (Figure 1) . In the present study, the analysis showed that sponges were contaminated, supporting results found by other researchers. For example HM contamination was also found by Kusumaningrum et al. [6] , who observed approximately 6 log CFU/sponge of HM in sponges used for three days in kitchens in the Netherlands. Also, Erdogrul & Erbilir [8] found 6.9 log CFU/sponge of HM in sponges used for 10 days in Turkey.
From the evaluated samples, 76.25% presented with CF, ranging from 4.5 to 9.9 log CFU/sponge, with an average of 8.4 log CFU/sponge. The highest percentage of sponges with CF contamination (25%) presented around 7 log CFU/sponge (Figure 2) .
The percentage of sponges contaminated by CF found in the present study was similar to those results reported by Josephson et al. [16] and Ojima et al. [17] . These researchers reported that 67% of 100 and 78.3% of 84 sponges collected in the United States and Japan, respectively, were contaminated by CF. Kusumaningrum et al. [6] found approximately 6 log CFU/sponge of CF in kitchen sponges in the Netherlands.
CF in kitchen sponges indicates the presence of faecal material and may indicate the presence of food pathogens [6] . CF contamination in sponges can be attributed to different factors, such as inappropriate hygienic and sanitary practices during food preparation, contamination by raw products, absence of disinfection procedures, cross contamination due to contaminated food and storage of sponges in places with high humidity and adequate temperature to promote microbial growth.
When the average counts of HM and CF were compared, and the percentage of these microorganisms found in sponges were considered, one may suggest that an expressive proportion of the microbiological contamination present in the sponges was, in fact, of faecal origin.
SA and SAM were found in 2.5% of the samples It is necessary to emphasize that the low frequency of the pathogens SA and SAM in these sponges was also found in other studies [8] . Even though they were less frequent in sponges, they are the main pathogens responsible for foodborne illnesses in many countries [1] , including Brazil [5] .
Although sponges are used through direct contact with the staff's hands and it is known that humans have SA on their skin [18] , only 2.5% of samples had these microorganisms. This low percentage of samples contaminated by SA can be attributed to the inhibitory effect of detergents present on the sponges, which was visually demonstrated in many samples after sampling from food services (results not reported because the observation was made visually). According to Kusumaningrum et al. [6] , the Gram-positive bacteria, such as SA, have a cell wall which is more sensitive to anionic surfactants present in detergents, which can contribute to the inactivation of these microorganisms. Other fact that can explain the low percentage of SA in sponges is that this microorganism is not a good competitor in the presence of other bacteria, such as coliforms [19] .
Many studies have shown that kitchen sponges can be potential sources of cross contamination, including the spread of pathogen microorganisms [8, 9, 20] .
During the cleaning process of equipment, utensils and sinks in domestic kitchens or commercial food services the use of sponges are very frequent. Cleaning processes aim to eliminate food residues present on surfaces, but as a normal consequence of this procedure, part of the residues adheres to the sponge surfaces. These food residues together with the moisture retained in the sponges offer a favorable environment for bacterial growth [8] , increasing the risk of microbiological contamination.
Disinfection Procedures
Even though both disinfection methods significantly reduced the counts of HM (p < 0.05), the boiling method was the most effective in inactivating microorganisms. The boiling method was able to reduce the counts by 6.7 log CFU/sponge (99.9999%), while the disinfection by sodium hypochlorite 200 ppm for 10 minutes added in a rinse in potable water reduced the HM counts by 2.7 log CFU/sponge (99.9%) (Figure 3) .
The average reductions of CF reached after boiling and sodium hypochlorite disinfection were 8.4 log CFU/ sponge (99.999999%) and 2.1 log CFU/sponge (99%), respectively. CF was not detected after boiling, while 6.3 log CFU/sponge survived after sodium hypochlorite disinfection. After both methods, SA and SAM were not found on the sponges.
All water samples analyzed and used to rinse the sponges after disinfection with 200 ppm sodium hypochlorite showed absence of total and fecal coliforms.
The two methods of disinfection analyzed in this study were significantly effective in the reduction of bacteria in sponges. Nevertheless, the boiling method was able to reduce the greatest number of microorganisms. Similar results were presented by Sharma et al. [11] , who found significant reductions (p < 0.05%) after disinfection with a 10% solution of sodium hypochlorite for three minutes, and boiling in a microwave oven for one minute, which obtained a better result when compared to the sodium hypochlorite treatment.
The reductions in HM found by Sharma et al. [11] were of 7.1 log and 1 log CFU/sponge for disinfection by boiling inside a microwave oven and 10% sodium hypochlorite, respectively. The lowest microbial reduction verified after the use of sodium hypochlorite could be explained by the presence of organic matter in the sponges [6, 11, 21] . On the other hand, the results of the present study showed that some sponges (7/80) still retained viable microorganisms after boiling, which can be explained by the probable presence of heat-resistant sporeforming microorganisms [21] .
According to Celandroni et al. [22] , even if these microorganisms easily survive boiling, this process can eliminate part of the microbial population, depending on the strains present. For example, microwave boiling was more effective than conventional boiling for the inactivation of Bacillus subtilis. According to these authors, the inactivation of endospores occurs due to the formation of a stable complex between the dipicolinic acid and other components of the endospore.
The effectiveness of CF inactivation was verified in both methods, but the boiling reduced 99.999999% of these bacteria in sponges, while the sodium hypochlorite reduced counts by 99%. According to Ikawa and Rossen [15] , boiling for five minutes is an excellent method for the disinfection of sponges, drastically reducing the amount of CF.
The efficiency of the boiling method can be explained by the high temperature of the water which is able to denature proteins and, consequently, destroy the cell membrane integrity, causing the death of microorganisms [23] .
In the present study, the sponges were immersed in water, therefore microbial reduction probably occurred due to the heat of the water [11, 24] .
In the microwave, the heat that causes the inactivation of microorganisms arises from the movement of water molecules from the electromagnetic waves [25] . The energy transfers utilizing microwaves to the material to be heated-up are by means of conduction, convection and irradiation while microwaves interact directly with the material, causing temperature increases due to the interaction of the molecular electric fields with the electromagnetic waves at their different phases and producing ionic conduction and dipolar rotation [25] .
Additionally, another important factor to be emphasised is that during water boiling, the sponge moves around within the liquid, making the removal of a great deal of organic matter possible and, with that, better heat penetration. This movement did not happen during the evaluation of the solution of 200 ppm sodium hypochlorite, which could have resulted in the lower inactivation of microorganisms.
Based on the results, it was possible to conclude that kitchen sponges can be expressively contaminated, but there are effective methods for their disinfection. Although both methods analysed in the present study significantly reduced the bacterial counts, boiling for five minutes was more effective than disinfection in 200 ppm sodium hypochlorite. These results showed the adequacy of the boiling method recommended by the Directive 78/2009-SES/RS [12] for the disinfection of sponges in food services of the State of Rio Grande do Sul, Brazil. Furthermore, this method proved to be easy and affordable in terms of cost, and can be performed in food services and in residences.
